Background: Use of smokeless tobacco (SLT) products has been linked to multiple adverse effects, especially precancer and cancer of oral cavity. However, the association of SLT use with risk of coronary heart disease (CHD) is shrouded with controversy due to conflicting results in the literature. The present meta-analysis aimed to evaluate the risk of CHD among adult ever-users of SLT products along with sub-group analysis. Methods: The analysis included studies retrieved from a systematic literature search for published articles assessing risk of CHD with SLT use. Two authors independently extracted risk estimates and study characteristics of the included studies. Summary relative risks were estimated using the random-effect model. Results: Twenty studies from four WHO regions were included in the analysis. The summary risk of CHD in SLT users was not significantly positive (1.05, 95% CI = 0.96 to 1.15) although a higher risk of fatal CHD was seen (1.10, 95% CI = 1.00 to 1.20). The risk was significant for users in European Region (1.30, 95% CI = 1.14 to 1.47). The results remained unchanged even after strict adjustment for smoking. Product-wise analysis revealed a significant positive association of fatal CHD with snus/snuff use (1.37, 95% CI = 1.14 to 1.61). The SLT-attributable fraction of fatal CHD was calculated to be 0.3%, highest being for European region (5%). Conclusion: A significant positive association was detected between SLT use and risk of fatal CHD, especially for European users and those consuming snus/snuff. In view of the positive association even after strict adjustment for smoking, these results underscore the need for inclusion of cessation efforts for smokeless tobacco in addition to smoking for control of fatal cardiovascular diseases. Implications: The present meta-analysis demonstrates a global perspective of association between coronary heart disease (CHD) and use of smokeless tobacco (SLT), especially for fatal cardiac events, even with strict adjustment for smoking. There appears to be some difference in this effect based on the type of SLT product used. These results highlight the independent deleterious effect of SLT products on the outcome of CHD and might help to resolve the long-standing controversy regarding the association of SLT with the risk of CHD. Hence, we propose that in addition to smoking, cessation efforts should be directed towards SLT products as well, for control of cardiovascular diseases.
Introduction
Among middle-aged adults, tobacco use has been projected to be the most important avoidable risk factor for premature death in males and second most common in women in 2010-2025. 1 Tobacco consumption, as smoking or smokeless tobacco (SLT), is one of the major preventable causes of cardiovascular diseases. 2 Cardiovascular effects of cigarette smoking, linked to the toxic constituents of tobacco smoke, have been amply documented in the literature. 3, 4 The association of cigarette smoking with ischemic heart disease (coronary heart disease, CHD) and heart failure has also been demonstrated in many studies. 5 Over the last three decades, global age-standardized prevalence of smoking among men and women has seen a downward trend, especially in high income countries. 1 More than 350 million people across the globe are users of SLT in one form or the other. 6 In addition to addiction, SLT use has been linked to various health effects such as cancers of oral cavity, esophagus and pancreas as well as adverse reproductive outcomes. 7, 8 The published meta-analyses of studies evaluating SLT use with CHD have not found an overall significant higher risk of CHD in SLT users. However, a positive association has been demonstrated between SLT use and fatal CHD. The meta-analysis reported by Boffetta and Straif 9 included only Swedish and American studies while that by Vidyasagaran et al. 10 and Sinha et al. 11 included Asian reports as well. None of the earlier meta-analyses undertaken on this topic have attempted to evaluate the results on the basis of type of SLT product consumed.
The SLT-attributable fraction of cardiovascular disease was calculated in the meta-analysis by Boffetta and Straif. In their analysis, 0.5% of fatal CHD in the United States and 5.6% of such events in Sweden could be attributed to SLT use. 9 Sinha et al. 11 estimated the global SLT-attributable CHD mortality as well as for European region but not for American or Southeast Asian regions. However, the recent meta-analysis by Vidyasagaran et al. did not comment on the SLT-attributable fraction. 10 The present systematic review and meta-analysis, hence, aimed at conducting an updated and comprehensive global review of the risk of CHD with SLT use. We also attempted to include additional regions and perform sub-group analysis for smoking-adjusted studies and type of SLT product used. The SLT-attributable fraction of fatal CHD, both globally and region-wise was also calculated.
Materials and Methods
The review included articles retrieved through a systematic literature search performed in 2017. SLT use was considered as the main exposure variable and CHD as the outcome variable. Multiple databases including PubMed/ Medline, EMBASE, Web of Science and Cochrane Library were searched and reference lists of included studies checked for additional citations.
Study Definition
SLT exposure was defined as any use, current or past. Studies including smokers as well as SLT users were considered only if separate results for SLT users were reported.
Literature Search
The search terms used were: "smokeless tobacco," "chewing tobacco," "chewable tobacco," "oral tobacco," "spit tobacco," "snuff," "snus," "nasvar," "gul," and "cardiovascular disease," "myocardial infarction," " ischemic heart disease," "coronary heart disease," and "heart disease." The strategy followed for literature search and evaluation of studies is depicted in Supplementary Figure 1 .
A combined search for SLT and CHD yielded 226 results from PubMed. Of these, 35 irrelevant articles (pertaining neither to SLT nor to CHD) were excluded. References dealing in general with tobacco-related issues or related to smoking were excluded (n = 50). Studies focusing only on betel quid, betel nut or areca nut chewing without other SLT products were also excluded (n = 3). References pertaining to SLT-related issues other than health effects were also excluded (n = 33). Also, articles pertaining to issues related to cardiovascular diseases like prevalence estimation, risk factors and preventive strategies were excluded from the review (n = 16).
The remaining references (n = 89) were reviewed for relevance to the topic under study. Studies related to health effects other than cardiovascular disease (n = 25) or those evaluating risk factors for CHD rather than the outcome (n = 14) were excluded. References of letters and reviews on SLT and CHD (n = 24) were excluded. Twenty six (26) studies exploring the association between SLT use and CHD were left after these exclusions. Of these, six studies (two whose full-text could not be accessed, three studies including heart failure in the outcome and one study evaluating mortality risk after SLT cessation) were excluded. Hence, 20 studies were finally included in the meta-analysis.
Data Extraction and Statistical Analysis
The quality of the reporting of the included studies was evaluated using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. 12 The Cochrane Q-test and I 2 statistics were used to evaluate the statistical heterogeneity among studies under the assumption of random-effect model. A p value of <.05 for Q-test or I 2 > 50% was considered statistically significant heterogeneity among the studies. Publication bias was assessed using the funnel plot, Egger's regression, and Begg's tests. In addition, p values for all the included studies were calculated using the formula suggested by Altman and Bland. 13 P curve was subsequently drawn using the online tool available at http://p-curve.com/. Analysis was performed using all available studies together and as per region. Further rigorous selection of studies was done to exclude the data where smoking was not adjusted as a confounding variable or study subjects were not exclusive SLT users. Five studies were excluded on this basis and hence, further sub-group analysis was performed on remaining 15 studies for global as well as regional estimates. Additional sub-group analysis was performed on the basis on type of SLT product. All data analysis was performed by Stata software STATA 12.1 (StataCorp, Lakeway Drive, Texas, USA).
The attributable fraction, as a measure of burden of CHD due to SLT use, was estimated using the relative risk and proportion of exposed population by the formula: proportion of exposed population × (relative risk − 1) divided by [proportion of exposed population × (relative risk − 1)] + 1, based on the previously published data of total number of adult SLT users. 6 
Results
The characteristics of selected 20 studies included in the analysis are depicted in Supplementary Table 1 .
Qualitative Analysis
Of the 20 studies, six demonstrated significant positive association of SLT use with risk of CHD. [13] [14] [15] [16] [17] [18] [19] Three studies found significant risk of CHD only in selected sub-group (CHD outcome or gender-specific). [20] [21] [22] The remaining 11 studies did not find such an association. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Among the 10 European studies, only two found higher risk of fatal CHD in SLT users, 14, 20 though one of these reported no significantly higher risk of CHD overall or of nonfatal outcome. 20 The studies from region of Americas and Eastern Mediterranean region (EMR) differed in their results, with one study demonstrating significant association of SLT use and CHD 15, 18 and the other not finding similar results. 31, 32 Of the five studies from South East Asian region, two 16, 17 demonstrated significantly higher risk of nonfatal CHD with SLT use while two studies showed an association of CHD in only female SLT users. 21, 22 The fifth study did not find any significant association between SLT use and CHD. 33 A large multicountry (52 countries) study by Teo et al. found a significantly higher risk of CHD in users of chewing tobacco, even with adjustment for smoking. 19 
Quantitative analysis
The summary relative risk for CHD was not significant in randomeffect model (1.05, 95% CI = 0.96 to 1.15) though region-wise analysis showed higher risk for users in EMR (1.41, 95% CI = 1.13 to 1.69), as shown in Supplementary Figure 2 . Based on the CHD outcome, risk for nonfatal CHD (Figure 1 ) was significantly positive only in EMR (1.59, 95% CI = 1.34 to 1.83) though overall risk estimate for nonfatal CHD was not significant (1.19, 95% CI = 0.88 to 1.49). In contrast, the risk for fatal CHD was higher in SLT users (1.10, 95% CI = 1.00 to 1.20) depicted in Table 1 and Figure 2 ), especially in European region (1.30, 95% CI = 1.14 to 1.47) whereas the same was not true for the other three regions included. On restriction of studies to those adjusting for smoking or including only nonsmokers, the overall results as well as those for fatal CHD did not alter much (1.10, 95% CI = 1.00 to 1.21), as shown in Table 1 and Supplementary Figure 3 .
Sub-group analysis
Sub-group analysis based on type of SLT product used revealed an overall significant positive association of CHD with use of nass/nasvar (1.30, 95% CI = 1.06 to 1.54). The risk of fatal CHD was found to be higher in users of snus/snuff (1.37, 95% CI = 1.14 to 1.61), whereas chewing tobacco did not yield a significant positive association (Supplementary Figure 4) .
Publication bias
Egger's regression test and Begg's test revealed similar statistically non-significant result, indicating presence of publication bias among the included studies. Supplementary Figure 5 depicts the funnel plot for included studies. P-curve gave the power as 79% with 95% CI as 53-93%.
The proportion of fatal CHD attributable to SLT, using the global estimate relative risk was calculated to be 0.3%. The proportion of CHD deaths attributable to SLT use was calculated to be 5% for Sweden, 0.14% for United States, and 0.77% for Southeast Asia.
Discussion
This meta-analysis presents a comprehensive analysis of the available literature on association of SLT product use with risk of CHD, both nonfatal and fatal. We have classified the studies as per WHO-defined regions and included four regions-European, American, South-East Asian, and Eastern Mediterranean in our analysis. We would like to highlight the lack of reports of association of SLT use and risk of CHD from some of the regions, namely African and Western Pacific regions. The previous meta-analyses cited in literature were limited in the geographic regions included. Boffetta and Straif included only Swedish and American studies and excluded the Asian studies on association of SLT use and CHD. 9 Vidyasagaran et al. included all available studies (Europe, America, and Asia) in their analysis; 10 however, the authors categorized a study from Pakistan in Asian region. Sinha et al. 11 also included studies available from three regions (European region, regions of the Americas, and South East Asian Region).
The overall risk estimate for CHD in the present analysis was not significant in the random effect model (1.05, 95% CI = 0.96 to 1.15). Our results are similar to results of earlier meta-analysis by Boffetta and Straif 9 who gave an overall summary risk estimate for myocardial infarction as 0.99 (95% CI = 0.89 to 1.10) and that reported by Vidyasagaran et al. 10 with risk estimate of 1.14 (95% CI = 0.92 to 1.42). Outcome-based analysis showed a significantly higher overall risk for fatal CHD (1.10, 95% CI = 1.00 to 1.20) , which is in consonance with that reported by earlier meta-analyses. [9] [10] [11] In the present meta-analysis, the risk of fatal CHD was highest (13%) in European SLT users. This also is in agreement with the earlier reports by Boffetta and Straif, Vidyasagaran et al., and Sinha et al. [9] [10] [11] The previously reported meta-analyses have included few studies that did not adjust smoking as a confounder. 23, 24, 34 Inclusion of former smokers in the study group is likely to lead to overestimation of relative risk of CHD and including such studies in the meta-analysis may lead to erroneous results. We performed a rigorous analysis of the available data after exclusion of such studies where smoking was not adjusted as a confounder. Our results demonstrate a significant positive association of SLT use and fatal CHD even after this analysis. The present review analyzed, for the first time, the risk of CHD with different SLT products and found a significant positive association of fatal CHD with snus/snuff use (1.37, 95% CI = 1.14 to 1.61). This finding is supported by an earlier study that demonstrated reduction of post-MI mortality risk in snus quitters. 35 Of importance is the observation of lack of heterogeneity among various studies included in the group of snus/snuff. Though snus/snuff is most commonly consumed in Europe and to some extent in the United States, the existence of internet marketing of SLT products is transgressing geographic boundaries and hence, these results are likely to assume global significance. On the other hand, we did not find a significant positive association of chewing tobacco with fatal CHD (1.07, 95% CI = 0.91 to 1.23). This may partly be attributed to the small number of studies in this group and significant heterogeneity between these studies. Though nass/nasvar showed a significant positive association with CHD (Supplementary Figure 4) , there were only two studies in this group and hence, these results require further support by robust large studies. Further well-designed research studies are imperative on this topic for conclusive evidence. Studies are also required for detailed chemical analysis of various SLT products in order to understand the basis of cardiovascular effects and the observed difference between products. The fraction of fatal CHD attributable to SLT use, in the present analysis, was calculated as 0.30% using the global data. Fraction of CHD deaths attributable to SLT use was seen to be higher in Sweden (5%) compared with United States (0.14%) and Southeast Asia (0.77%). Our results are in agreement with those of Boffetta and Straif who reported attributable fraction of myocardial infarction deaths as 0.5% in the United States and 5.6% in Sweden. 9 The meta-analysis by Vidyasagaran et al. did not attempt the calculation of attributable fraction. 10 These results suggest that probably SLT products used in Europe have a more deleterious effect on the outcome of CHD compared to those used in Americas or southeast Asia. The attributable fraction may come useful to policymakers for understanding of the disease burden of fatal CHD due to SLT use, thus making a case for an urgent need of implementing SLT control policies.
The main strengths of the present meta-analysis include the thoroughness of literature search and the strict inclusion criteria used. We performed the analysis including all studies initially followed by a rigorous exclusion of those studies where smoking was not adjusted as a confounder. This is of importance since smoking has been documented as a risk factor for cardiovascular diseases. 4 With this view, the results of the present meta-analysis, including only smoking-adjusted studies, emphasize the positive association of SLT use with fatal CHD, especially for European SLT users. There results would, to a large extent, put to rest the raging controversy about association of SLT use with fatal CHD in so far as the European region is concerned. Since the inclusion criteria defined adjustment of smoking as confounder, the positive results of this meta-analysis signify the independent effect of SLT use on the risk of fatal CHD.
We, for the first time, performed analysis of product-based effect of SLT on risk of CHD and found a significant positive association between snus/snuff use and fatal CHD. However, further studies are required to corroborate this association.
Certain limitations in the present meta-analysis also need mention. The number of studies from American region was much less than those from Europe and, hence, the results could not be compared well. Since none of the studies included biochemical confirmation of SLT exposure, a possibility of misclassification of tobacco exposure based entirely on self-reporting cannot be ruled out. Another major limitation is the lack of information on some important confounders like alcohol, serum lipids in many studies included in our analysis. Presence of publication bias and heterogeneity among the included studies is another limitation that deserves mention. The same could be attributed to the limited number of studies conducted in only a few countries. Moreover, due to fewer number of studies, mixed effect model as well as level 2 and 3 models could not be applied.
Conclusion
Our meta-analysis reaffirms and emphasizes the increased risk of fatal CHD with SLT use. The risk was found to be higher for European users and those who consume snus/snuff. These results, in light of the strict adjustment for smoking, warrant that public health intervention for control of cardiovascular diseases should also lay emphasis on efforts for cessation of smokeless tobacco use in addition to those directed towards smoking.
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